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(57) [Abstract] 

[PURPOSE] The present invention relates to an output control 
circuit of an optical amplifier. It is an object of the invention 
to control an output level or optical amplification gain so as to 

10 stabilize the output level or gain without being affected by 
amplified spontaneous emission (ASE) noise included in an output 
light from the optical amplifier and, even when an optical signal 
is subjected to optical frequency division multiplexing to be input, 
without being affected by variation of the number of multiplexed 

15 input optical signals and optical frequency dependency of the optical 
amplification gain characteristic. 

[CONSTITUTION] An output control circuit of an optical 

amplifier which performs optical amplification on an input light, 
said output control circuit for adjusting an output level of the 

20 optical amplifier to a predetermined value, comprises an 
intensity-modulated light inputting unit which modulates the 
intensity of a light in a predetermined optical frequency band with 
a modulation signal of a predetermined frequency so as to input 
the intensity-modulated light to the optical amplifier, a photo 

25 detecting unit which receives a part of the output light of the 
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optical amplifier and outputting a signal proportional to the 
intensity of the received light, a modulation signal intensity 
measuring unit which detects a modulating signal of a predetermined 
frequency from the signal output from the photo detecting unit to 
5 measure the intensity of the modulation . signal, and an optical 
amplification gain control unit which sets an optical amplification 
gain of the optical amplifier corresponding to the modulation signal 
intensity. 

10 [0037] Fig. 5 illustrates an embodiment configuration of the 

output control circuit of the optical amplifier as described in 
claim 3. Further, this embodiment configuration is directed to 
an output level control circuit for stabilizing an output level 
of the optical amplifier. 

15 [0038] In this figure, an optical signal of each optical 

frequency f i to f n is multiplexed to be input to an optical signal 
input terminal 72. An optical amplifier 70 amplifies the 
multiplexed signal output from the optical signal input terminal 
72, under the action of an exciting light output from an exciting 

20 light source 71, and then outputs the amplified signal to an optical 
signal output terminal 73. 

[0039] The output control circuit of this embodiment for 

stabilizing an output level of the optical amplifier 70 per optical 
frequency (output level control circuit) , comprises low frequency 
25 oscillators 12±, 12 j, 12 k each for generating a modulation signal 
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of frequency F±, Fj, F k for an optical signal of optical frequency 
f±/ fj/ fk output from its corresponding optical signal source 11±, 
llj, ll k/ intensity modulators 13 if 13j, 13 k each driven by the 
modulation signal, an optical frequency division multiplexer 51, 
5 an optical branching element 14, a photo detector 15, band pass 
filters (BPF) 16 if 16j, 16 k of which center frequencies are frequencies 
Fi, Fj, F k of modulation signals respectively, envelope detectors 
17i, 17 j, 17 k , a control circuit 52 and an optical gain equalizing 
circuit 53 set in the output stage of the optical amplifier 70. 

10 [0040] Further, low frequency oscillators 12 if 12j, 12 k and 

the intensity modulators 13±, 13j, 13 k correspond to an 
intensity-modulated light inputting unit. The optical branching 
element 14 and the photo detector 15 correspond to a photo detecting 
unit. The band pass filters (BPF) 16 if 16 jf 16 k and the envelope 

15 detectors 17i, 17 j, 17 k correspond to a modulation signal intensity 
measuring unit . The optical gain equalizing circuit 53 corresponds 
to an optical gain equalizing circuit, and the control circuit 52 
and the exciting light source 7 1 correspond to an output level control 
unit. 

20 [0041] The optical gain equalizing circuit 53 is composed 

of the optical demultiplexer 54 and a multiplexer 55 for 
demultiplexing and multiplexing lights of the optical frequencies 
fi, fj, f k , and the optical attenuators (OATT) 56i, 56j, 56 k . Further, 
used as the demultiplexer 54 and the multiplexer 55 are an optical 

25 filter serving multiplexing and demultiplexing functions such as 



a grating filter or array waveguide filter. Furthermore, the 
optical gain equalizing circuit 53 can be an optical filter which 
varies wavelength dependency of transmittancy , such as optoacoustic 
filter, multi-stage cascaded Mach-Zehnder filter. 
5 [0042] The intensity modulators 13 if 13j, 13 k each modulates 

the intensity of a signal lights output from the optical signal 
sources Hi, llj, Ilk with a modulation signal output from its 
corresponding low frequency oscillators 12i, 12 j, 12 k . The 
intensity-modulated light is multiplexed with the other lights at 
10 an optical frequency division multiplexer 51 to be input to the 
optical amplifier 70. 

[0043] An output light from the optical amplifier 70 is input 

to the optical gain equalizing circuit 53 so as to adjust the optical 
intensity of each optical frequency fi, f j, f k . A part of the output 

15 light from the optical gain equalizing circuit 53 is branched off 
at the optical branching element 14 and received at the photo detector 
15. The photo detector 15 outputs a signal in proportion to the 
intensity of the received light, and then the output signal is input 
to each envelope detector 17 ± , 17 j, 17 k via its corresponding band 

20 pass filter 16i, 16j, 16 k the envelope detector 17 ± , 17j, 17 k each 
outputs a modulation signal voltage of its corresponding frequency 
Fi, Fj, F k in proportion to the output light intensity of the optical 
amplifier 70 . From the modulation signal voltage of each frequency 
Fi, Fj , F k control circuit 52 detects the optical intensity of optical 

25 frequency fi, f j, f k which is proportional to the modulation signal 
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voltage , and calculates each control signal Ii, Ij, I k to control 
an attenuation factor of each optical attenuator 56 if 56j, 56 k in 
the optical gain equalizing circuit 53, thereby maintaining the 
optical intensity constant. 
5 [0044] In addition, the control circuit 52 detects the 

fluctuation amount of an output level of the optical gain equalizing 
circuit 53 from the modulation signal voltage of each frequency 
Fi, Fj, F k and then performs feedback of the detected result to the 
exciting light source 71 of the optical amplifier 70 to control 
10 a bias current value, thereby stabilizing the output level of the 
optical gain equalizing circuit 53. 

[0045] Such a configuration makes it possible to control 

output levels of respective optical frequency bands individually 
without being affected by ASE noise distributed widely in the optical 

15 frequency bands of the optical amplifier 70. When input signals 
are subjected to optical frequency division multiplexing, it is 
also possible to stabilize output levels of respective optical 
frequency bands individually, even in variation of the number of 
multiplexed input optical signals or even with optical frequency 

20 dependency of optical amplification gain characteristic. 

[Fig. 5] A block diagram illustrating an embodiment 

configuration of the output control circuit of the optical amplifier 
as described in claim 3. 
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[FIG. 5] 

Embodiment configuration of the output control circuit of optical 
amplifier as described in claim 3 (output level control circuit) 
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SHU *C53»*K«l**«HB*lt«B»^A*4-&*S» 

i-5**i«»ottj*«iiiiiiaj« 0 

mrlS^tiitS^oA^^^-^^S^L, SttSSSKtt^J 

WEA*as*^a«>a*fs#^ bffliBBf 3£<z>««»<o 
im&m 3 ] jfitt*astLfeA**«rft«MHi-s 

*«?J*PEIttfc:l8V*-C, 

ffi*lf««t-A*$ii:53Sffi*»*A^i^a(!:, 

mrE*m«»«>m**4:A*L. «rE#*««»«Frt 

fcjfc«r«flr**m*+*3t**ai:* 
*Eft«*a«>ia*«*3ft*&iiinE*«**©«!W«*«: 

fe^at. 
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2 

»^J;VWE**J»«ftiaBlci3it5**J««**l!r^ttl 
[»*«4 ] S*tfcA**«:*it«-f 5 

E*i«i«fcA*Sii:-5»flEaBKI*A**ai:, 

i-*fs»*ra*i-sA^aa**ai:, 
i»EA*as**a«a*«»**b*tE*«**ic©*ii 

ft*tr*UL, **L**to«*SMC«:»zBi-SA*a* 
■«*S**«3S*ai:, 

(fflE3te*M»oa^5fc4:ArtU (IWE#*«***rt 

M"E**iJ»WblHlB«)a**©— tt«ra*U, S3t3Sffi 
^lt«"1"S«*4rai*-t-Sffi*a$**ai:, 

MEU*as3fe*a^ffl*«»^p>mE*«tt»^acH 
■i«»***tti^at, 

WE#KBI«#»«^e>, WE#*JWtt*»*«3tt5# 
*«*J#*r»ai-*-**ii«RI#J|tU*ai: , 

fflE*3t»«»fflri-*3 it 5 fttMfuatoB i: r , 

afc«r**fcifcfc4»*ira*Jt«»oiil/3*J»E 
[0 0 0 1 ] 

Unci** tH*u^<^«:ge^b-rsffi*^^»J»t, *. 

[0 0 0 2] 

•PEW©***!**-*-. HWs^T, *««8 7 0it 

^A^f^T- 7 2 ICA* £*ufc#{f #£*f M LtJtttfm 
*flBH=-7 3^anar6« w^#MM*7 O^HWjU^/l/ 

[0 0 0 3] *li*I^7 0©fflM©-»tt, 
: F7 4-C'MLtg^ (PD) 7 5C§)t$tl6o 

7 5ttS*»*^Jt«-r6«**:W*L, i#M 
«7 6£^LTJfctfc«7 7tC-§.;L5. tb(R»7 7tt, * 

(=Vo-Vi) Srffl^-rs. ^^ffiVe tt, 
MS 7 ooffl^ftJMjWfJMJ: 9 
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(3) 

3 

ttOi:fcS e it««7 7T?»feixfcia««EEVe fl\ © 

mmm?**^* (lpf) 7 9t^otw»» 

tic J: 9, **«»7 O^tB^^/uSric^t* 
[0 0 0 4] SftfijtejR 7 l ^fottJ* SttSBiB 

*3*ft0>i«*fc:jE&T, **«8 7 0wffi**»S (*> 

[0005] ccd^m, ^tmm^(omt}i^<^mm\B\ 

^^i:«)*»4r*:Jt(B»7 0(OJBiB*JK7 l lc»3W- 

t^j; 0, utmrnrn 7 0 <n&£i i^</u^mmm!£v 20 

[0 0 0 6] 

5: £(cft5 0 

[0 0 0 7] Sfc, B63fe03tii«S^W* U"</u»]»Is] 

(D A*5W*©#«***K»i-*i ^ 
^u^^jjj-f ***lt±^ttttJ*jlt3»ft«:— Sic 

[0 0 0 8]© lt»0*iiffl«WfiJ»«tttt, A^?t 40 

A-fc 5 1 Mifttf ^Ht^-^Kft 5 t HPS fe ft v \, 

[0 0 0 9] *3SMtt. *tf*I§5^ffi^^;(C^^tt6g 
ffittU%lt*0»««Sltfti^ii«4B^UAIH«PD 

©*JII«»*#tt©»»*:ft»tftir^*it«»©a*iW 
[0010] 50 



ffl¥7-6 4 13 4 
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I3\ A^^^3tl#iBi-^3ttti|gSSoUj^u^u^^ffi 

[ooi i ] 2 icEtt<oa5wn, 1 ke» 

u 5*»*icit0y-r*fs#*:ffi*-rsA*«s**a 
A*a***gi!<ou*flr#^bBf3e^H«*oaE»i 

«#S:«lttJU, *0«»3*«S:SI3e-fSA*asC»l«# 
3S*«^at, AW*«-CHft*ixS#*P«*BU* 

[0012] »*JI3 ^|EttO«Wtt, i {cfBtt 

[0 0 13] 4 KE*W>369I tt^ W*:*2^Ett 

i\ Aa^a-CJBS*ix6#KIH«»3ft«liirti:Dr*lt 

[0 0 14] 

tt, «W»»*i:ftS*«lttft«OjfttBff««>«l»*^aE 
■fflr»-CSMC*|IL, *oiMC*B**:*it*»»cA* 

^t^Iiia^ #Sr*ttfltt**OA*#fc:o 

[0 0 15] W3ft«2^Ei»^3ti9««<7>ai*»JWlHlB 
T-fi, [S]«^*tt«»«)A^3t^6>«H«#»«*«a 

«*J»fcJE lST3t«Mi»<0*ii**m*rKffii-Sr i:lc 

[0 0 16] COj:pft3aS^Sa3tSr^^^ LT^Ml 
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[0017] m*m3&£x*m*m4^ffi<D?ttmm& 
[0018] lm«ot, %<z>£>mm*mmirzm&, 

[0019] 20 

[^sw m 1 n 1 tciattco**t««^ttj*wj 

«Ha»<OSttt«**Sr^i-. ft*5, *^jSE0iJH v ftif*g 

[0020] bk*5^t, ytmmm7oi^ mmytm7 

7 2*»6A/jSlxfc3t«*«:*t«U-C3lfi«»ffl**-T-7 
[0 0 2 1 ] r. co^if*!^ 7 0 <£>Hj^ \y-<^^vc-r 
JteflHMBl i^6ffl**n53tHJft*f p 
812, r^*l««#"«B«iS*usaS*KP»l 3, ft 

»»**i4, giitm* (pd) 15, mmm^-(Dm& 

S£fp Sr**i>JBjK*fci-5*«aa7-r/u^ (bpf) 
1 6, fifSMlttjSSl 7, S^SffiVrefi ^rMt5S 

[0 0 2 2] ft*, fCMttBMBl 2*3j;tf3aS^P3§ 
1 3te, SS*SH*A^^®:^»flS-i-5o 

ifi:7-f /u* 1 6*J:tffi|ftlUktt«i 7tt, KHflTJHft 

9 *3 &x*ia&%M 7 1 a, m*> ^/HHm^aucMfc-t 

[0 0 2 3 ] 3SIS2EIWS l 3 fi, l l frbMtl 

U *©Sfi*K»l*tt**IHB«7 OKA*) 

**t«*7 o<z>a**co-ffltt, 1 
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(5 

%mi&7 4'i'* 1 6S:^L-Cfi»»*K»l 7KA^£ 
tl5 0 €ll&M*tt8 1 7 ft, 3tif*ISi7 0<DftJi%Mg: 
l^tti«L>S:K«llflrflr«JEyout SrttfflLtltKSl 9(r 

^■^L^ 0 *fc««i 9(i, ^ssft-f-amvout cts^mm 

^SS^Sr^-J-RigfltJEVei (=Vrefi-Vout ) SrfcH 
*t^o iwBgtEVeifi, **t«*7 0Offl**Mi 

KfSIE^ft 9, H#36S*U<f^#«cttO 4:ft5. JfclfcS 
l 9-C»&jh,fc(MBttEVei tt*lf«»7 OORtiGftflK 

[0024] z(D£.o\z*nmm\-±, ^ttiess 7 0 <om 

1 6Tiii&£*i6^ffi£fcFp (OlESHIt^^^^tsi 

te^otv^o l^.^ot, *ts«»7 o^jaa* 

«gii:o^T, 7 0 (omt) ^/^S:»tRW 

[0025] ft*5, *jlll6«tt, eMft«^fc 

[0 0 2 6] »*«2irlE«(7>3ti«««COttJ* 
*Jffli|HlK<o3IJS0iJfl|fifcSr^-ro ft*5, 3fe*» 
*»©A*f«W»«:-3ejc-r-55pJ»»JWIalB4: LT<7)tS 

[0 0 2 7] B^feV^T, 3t*t«»7 0«:, 7 

7 2^feA*Snfc*«»ft*«Lr*«*tH**-T-7 

3ic^tb^6c 

[0 0 2 8] r ^^^8 7 0 ^JC-r 
**3H*«offl^iftiJffli!B]K (*J»M»EI») fi> HI l ic 

T, *if«»7 0^AA«^K»tbn5R*©3ft»tt* 

^21, a**-?2.2 % mmmmy^y^^ (bpf) 2 

3, [^®82 5^^tf 0 

[0 0 2 9] ft£>, ffiJHjfiXSWl 2*«ttJ«3*S«W* 
I3lt SS**PI*AA*S«i:#jESi-a. *^tt^^-2 
1*3 J: ^5**^2 2*1, A^aS^t^^^WJS-rSo 
W«aiS7>r^^ 2 3*5«t0 5 €l»i»«^««2 4Ji, A^? 

«tt;$**f i5ii w^^a^t^^m-rso «r« 

iii^^^/u^ 1 6*5J:^€l»»«K»i 712, U>>JS«! 
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[0030] ^g^gigi 3ii, i a»&aw? 

£tts e 3tistss 7 o <oxti%<o— mz* ytftt&m*2 

JtWLfcajUft-SrWJEVintra/j-rs. 
10 0 3 1 ] -^r, 7 0 <?5a*)t^— ffltt, * 

A^£*LS 0 1 7 14, *ii#i»7 OOm^l 

*»*^H:«UfcasHfI#«EEVout ^tH^i"5 0 KH 
§§ 2 5 14, 3t*f «« 7 o o>ffl**3*ftjc:it« LfcSIf 
#«JE V out £ A^i 5t it 09 L fc KHfi #®E V i n 
-CMS r fc fc x V , %Jf H* 7 o ©jftiiWPmtfcWjSi- 20 
S*J<#«/EVg( = Vout/Vin)Sr»So JtR« 1 9 {4, 
*W#«JEVgtSi(6«EE5B*«l 8^e>^x?>^t-5S2p 
®j£Vref 2 £S:JtRU *^^Sr^-TR^«ffiVe 
2(=Vref 2 -Vg) ^ffiM5 D r^KS«JBEVe2»4 % 

!4Ai*tK /hS^fc.SfcttEifcO, 

#iif4 0t<CSp ttKSl 9T^#^fLfc^mmVe2f4 

Kmm%s7 o<Dm&ytm>7 l^mmzti, *<0/wx* 

«8lt««rlR««ffiVe2^jc£:i:-C*i«-*-Sr4:^J:0, 3fc 

[0 0 3 2] r^J; 5 %4M8 7 0 co A 

M^J:^ffiM^*if2 2, 15T«U W 
«X*««ift:7-f /U* 2 3, 1 6T»iK*ixSH&»F 
p ^S«ffltt* = ^t5«rici:4ot^5„ L3t^o 

§g 7 o (OjtiSffi*i«#*»«W(c:»j»-r 5 r £ #~e£ £ 0 

[0033] *lf«»7 0^*5ltS»ft*Blft 40 

a. %4l«iS7 onxtiK*^* hfr#kx* 
mtiyt*^? h^f— ^»4*jajR»f p -c-tnwtp 

in, Pout £fr3 0 3&S^I!#f4, /H&gfcFp CO 

fi«f4, %JfMW7 0C0fltraic*5^TAin, Aout ktt 
G = Pout/P in = Aout/A in •••(1) 
S^rKt6l k \c X *) fttt*§« 7 o <r>mf) \y<^% 50 
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as 7 o^w^^^ttttwstt^e^afflftss^ (as 

E) t>«SAi-S*S, ft/^i&Sfrfp <Oi£«iOffl?«rt(c#aE 
t5AS E«;fcf4Jfc«tt'h£ < , ^60igW4»5tA.^* 

[0 0 3 4] tt, g**f2 2, 1 5 OttS^ft^-60^ 

Httlt 2 2, l 5©U*«#»ft-e«> 

So 5**^2 2, 1 5#4g3t3j««cJt«bfc«-9-*ttl 

x^z<dx\ &ftm*m*>izteWiffii£ftkmigiWcFp <o 

$**-T-2 2roa^«#5S«f4EintftO, tU*8H-*3 
*4SS5t*-^l 5COtU^«-^3Sft-J4Eout ^^0, %Jfl 
BS7 0<O3ti««W#G(4, 

G = Eout/E in -. (2) 

ir^f^^^r^So Lfc^ot, 7 0 coA^I 

**3<tt/tb**S:*g3t*^2 2, 1 5-C2^MJEL > 
*'fr««»Fp CO^iiig^-Y^ 2 3, 16&fflt^ 

<BS 7 0 cottS^J u--<^^;i#*MiJ y #^^M-r S C <h tfSf 

3^*3, *»«»7 o«>a*3ife^tt4iiis*Lfca«s 

»tB3t«i^ (ASE) t>f!Ai-£7^ 3t«K»fp Ofi 
«<0»ttrt^SaE"rSASE«*J4Jt»W/h*<, 

»W4iat A/ifftv^ 

[0 0 3 5 ] ^*3, J^_b(Z)t^0^r-i4, -<-^^<> K^FIC 

[0 0 3 6] A**fs#*«3t«***»<fc*nr 

[0 0 3 7] H3 5 (4, 3 fcK«<OftJ8«»<Otti2> 

[0 0 3 8 ] HJC*3U^T, ^f-^A^fflg^-7 2t^(4*ji 

if*S^7 0f4, ®jg3tjB7 l^bm***t6JBiB*«>f^ 
ffltcj:^, jt«#A*«^7 2^bA*Sixfc*HK«: 

[0 0 3 9] wO*ifffi«7 0^a*U^S:'#5tfflK 

/uSWIhJK) (4, 0f^<O^f#aSl li , l li , ll 
k ^e>tti^SnS3tM»f i , fj . fk ^*fE-*«- 
»LT, SHftKMr6Mtt«kFi , Fj , Fk oKIHt. 
f^Mt^ill^^l 2i , 1 2 j . 1 2k , # 
KHft^BU^ixfiaftftCMSi 3i . i 3j . l 3 
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k , A^SIhISSs l, l 4, g^STM 5, 

KPI«*Oja«*Fi , Fj , Fk S:*^jSIJ6»i:i-S 
#«c«iS:7-f/U* (BPF) 16. , 16j , 1 6k , 
&IMMtfKttl 7i , 1 7j , 1 7 k , «Jffi)[s]ft5 2, 

[0 0 4 0] fc*5, (SUK^fiS 1 2 i , 12j , 12 
k ts^t^aiAKHSi 3i , 13j, 13k 14, 
fflftA^ftcmt^o 1 4*3 J: r/S** 

f i5ii, nt*ai§7-f/^ i 6 

i , 1 6j , 1 6k :fcj;tfQ»««a£«l 7i , 1 
7 j , l 7k 14, «H«4MMCJI3E*«McS#jasi-6. * 
#J*MMfcEI»5 3tt**>***hc£U *J»(H]g&5 2*sJ: 

[0 0 4 1] X#m«fbl§IK 5 3 t4, ftJlO&ifr f i , f 
j , fk ^3t*:^«-rS»«*5 4*3J:^tt«5 
5, fti£«S8 (OATT) 5 6i , 5 6j , 5 6k lZ«J: 

f4, r>f V^:7^vu**fcl4T ^*»BS!7-f 

[0 0 4 2] #ttAKJH«l 3i , 1 3j , 1 3k II, 

i li , i lj , i lk *>e>ffi**ttfcfflr#* 

Sr(SJS»t%lB«i 2i , 12] , 12k frt>Mti£in1z 

ot^A^^n^o 

[0 0 4 3] 3t*i*SS8 7 0 Offl^tftett, ttfM#WblH]K 
5 3KA*;$iv *3tJaiK»fi . fj , fk 0>3fc5SS 

U -t^ft^i#fflr«ciiia7>r/U^ 1 6 i , 1 6j , 1 
6k 4r^Lttil?ftfllli»tt8l 7i , 1 7j , 1 
7 k KA^£*L6 0 #&IHM£&« 1 7 i , 1 7j , 1 
7k 14, **B«»7 0(Om**9**J-Jt«UfcHjftttF 

1 , Fj , Fk ©«P«#fltEE«rffl*-r*. S'J»[h]^5 

2 14, &J§3$$cFi , Fj , Fk <&«BMB#«lEa^ 
**t-etil^Jt« Lfc*JW*« f i , fj, fk ^>«5Sffi 
SrtfcfcbU *nfe*r-^i-Sfc«)l;:*fiJ»«t{fcEiB5 3 
<^#3t««885 6i , 5 6] , 5 6k <D^g^£»J»-f 
SaWlf Ii , I j .-Ik £»ffi1-£„ 

[0 0 4 4] Sfc, 8slJW[a!S&5 2(4, #JH*«Fi , F 

j , Fk (©ae««#«E**6>**ij»Wkiatt5 3©ffl* 

2^7 Hc»aL-C^<WT^«««*:IBH»-rSwilcJ: 
9, **iJ»WkHB5 SOtH^u^yufcS&SftS-frao 



(6) ^pip7-6 4 13 4 

[0 0 4 5] :©J;5 4i^«tO, tttSfflS 7 0 <Oft 

M«t5:t^#S 0 A**«#a**JB«»# 
AA*«^^m»^3E»UT 

[0 0 4 6] men ffl*?S4ic:|stt<^3ttiffi»^ffl* 
70 WJWlHlK^3IJSfi»JfllfiJc«:^i-o *^Jfe««, ft* 

[0 0 4 7] {g]t-*5^T, *ff ^A*«S^ 7 2 

jftftfi ~fn ^ft«*a«#Bffc£;h/CA*£ft6. % 

*fifS*Srtt«U-C*«*ttl*«^7 3K2tHtt-S. 
[0 0 4 8] r<7)3tti«§§7 oo%4HBfU»«r#jfcMtt 

•r i ic-*^i-«*5Hii5««>ffl*««iiaiB <fij»*y» 

^ (BPF) 23i , 23j , 23k , &IMM£tt8 
2 4 j , 2 4 j , 2 4k ^r^t^o 

[0 0 4 9] {6JSjR3Btg« 1 2 i , 1 2 j , 12 

k *3j:t;»S3fHSl 3i , 13], l 3k 14, Sfifl^ 

^•2 2*4, A*«g*#ai-»JCEi-6. «f«aiB7-f/U 
^2 3i , 2 3j , 2 3k *3 < ttJ 5 S»j»«jK*2 4i , 
30 2 4j , 2 4k J4, A*a*H«#3»«lB«*»«C»rt? 

-TSo ^^^o^Mf i 5(4, m^as 

*^a^»jcsi-s 0 Wftsaia^^/u^ i 6i , i6j , 

l 6k &J:tf&iMfttt8Hgl 7i . 17], l 7k (4, 

a*a*nfli»Ma«**a^»a;-r6. **j»«Mkisi 

»5 3f4*<D***tt&U MMIItt5 2*5«ttWftfi*W 
7 U4, ft*MfU»IM1iP#aicM-Jer&. 
[0 0 5 0] #3fta^1«» 1 3 i , 1 3 j , 1 3 k (4, 

ftfa-ff-agi li . i lj , i lk a>feffirts*Lfc«** 

frffifltt«fi«12l , 12] , 12k ^fcttWSftfc 
thlcX&mmf&S l-C*««**B*n-C3e:ilB»7 

0(CA^I^tL5 o 

[0 0 5 1 ] 7 0 OAA*W-«li, 

* 2 lt?»ttL-Cg**T- 2 2^8***1,4. &ytm* 

mmffiy j 2 3\ , 2 3j , 2 3k ^lt, *h 

**iai»»tfctt»2 4i , 2 4j , 2 4k tCA^^H 
5o #S»l»ttjfi«2 4i , 2 4] , 2 4k 14, 
• »7 O^A**S»aiCHs«LfeJ««*Fi , Fj , Fk 
50 (OSB8ff#»£«rtt»^i-6o 



-6- 



11 

[0052] ftit 7 o (DMjjytn, mmmitmm 
s 3 x*&ytm$L%t f * , fj , f *<Dyt&&frmm£ti 

i^iligi^^/u^ 1 6i , 16j , 16k Sr^LT^rtL^ 
tiS^^^l 7i , 1 7j , 1 7k CA^Six^o 
1 7i, 1 7j , 1 7k 11, *ie*I«7 
0©a*>ftSME^Jt«Ufc«««cFi , Fj , Fk 

[0 0 5 3] mW\B\16 5 2 14, **8«5S 7 0 (OA*3fc3S 
«*s ± WfcfiJ»*MbEIK 5 3 oa**»*^tt;« 
JU&gcFi , Fj , Fk 0gH«**jBE*J£ttEU 3t« 
ftftfi , fi , fk <0#*«#^»-f -5 

5#^Kf4, **iJ#«f{fc|ilB 5 3£WJ»LT*U?#<&^ 

U 3t*t*B«7 0©*it«*U»*r»J«ILT»iaE'fa. 
[0 0 5 4] -(7) J: JttflWtfciJ; 9, 3tti*sl§7 0^ 20 

fiik*4xT^s«-&^, A^*fi#co#s»3&^»ur 

[0 0 5 5] 
[0 0 5 6] 

^tiSI^t, A*Jfe«*ro#a«fc<oaE»*5J:V3tij| 



^i¥7-6 4 13 4 

12 

[El 2] W*«2Jc:|B*^«««OW^WJ»Ih1»0|| 

-rsnio 

[0 4] S*«^2 2, 1 5 (OmtiiE ^ 

[me] m#m4\cmm<vftmm&<Dmmim\&&<Dm 

[0 8] ®fi3taS7 l*»e>a*SixSBjlB*3i«i:3lfi*i 
7 o offl*#»*OH«**c*18 0 

i i 

l 2 (g;«jft»ti« 
l 3 tt£XM» 
14, 21, 74 

1 5, 2 2. 7 5 g:7t§^ (PD) 

16, 2 3 ffir««iS:7-f/l^ (BPF) 

17, 24 &»mniti# 
18,78 mmnm¥&±s 

19,77 Jtgtfg 

2 5 

5 1 ft^SIe]^ 
5 2 SU»lHlSS 
5 3 3fc*iJ#^{b[e!gg 
5 4 

5 5 

5 6 (OATT) 

7 o %*HWB 
7 i m&ytwa 
7 2 ^tfi -^-a^^^- 

7 3 ^ffi^^T- 
7 6 

7 9 (S^cilig^^ /U^ (LPF) 
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(8) 



#PJp7 - 6 4 13 4 



[Hi] 




(9) 



#i¥7- 6 4 13 4 
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[HI3] 




[14] IH8] 
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¥?m¥-7- 6 4 13 4 
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¥fM¥-7 - 6 4 13 4 



[16] 




(13) 
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[12 7] 




V.-V,=Ve 
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